Studies on mitochondrial swelling driven by ammonium gradients show either no sulfate swelling in the absence of phosphate (2, 3) or a slow swelling attributed to a H+-sulfate symport (13). Sulfate swelling in the presence of phosphate (3) and passive phosphate/sulfate exchange studies with animal and plant mitochondria have led to the conclusion that sulfate enters by sulfatephosphate exchange on the dicarboxylate carrier (3, 6). Earlier investigations with respiration-driven sulfate transport show points of difference. There is no requirement for added phosphate in labeled sulfate uptake (15, 19, 20, 22) and phosphate is a competitive inhibitor of sulfate uptake (15, 19) .
Studies on mitochondrial swelling driven by ammonium gradients show either no sulfate swelling in the absence of phosphate (2, 3) or a slow swelling attributed to a H+-sulfate symport (13) . Sulfate swelling in the presence of phosphate (3) and passive phosphate/sulfate exchange studies with animal and plant mitochondria have led to the conclusion that sulfate enters by sulfatephosphate exchange on the dicarboxylate carrier (3, 6) . Earlier investigations with respiration-driven sulfate transport show points of difference. There is no requirement for added phosphate in labeled sulfate uptake (15, 19, 20, 22) and phosphate is a competitive inhibitor of sulfate uptake (15, 19) .
Recently, our laboratory has observed respiration-linked, mersalyl-sensitive sulfate swelling by corn mitochondria which is not dependent upon added phosphate (10) . Here, we report on the characteristic features of this sulfate uptake. In the absence of phosphate, respiration-linked sulfate transport demonstrates properties which parallel those of phosphate transport: strong inhibition by mersalyl, NEM,2 and DNP; weak inhibition by n-BM; promotion by Mg2+, oligomycin and osmotic support from sucrose. Catalytic concentrations of phosphate do not increase sulfate swelling, and mm concentrations block [5S5S042 uptake after an initial rapid influx. The data suggest that respiration in the absence of phosphate creates a protonmotive force sufficiently large to drive sulfate uptake via the phosphate transporter.
MATERIALS AND METHODS
Corn shoot mitochondria (Zea mays L.) were isolated from 3.5-day-old etiolated shoots as previously described (1 The uptake of [35SJS042-from 2 mm labeled K2SO4 (4 t,Ci/ml) was measured by Millipore filtration procedure as described (1) . The filters were prewetted for about 5 min in 2 mm unlabeled K2SO4 to reduce the radioactivity absorbed by the filter from the labeled reaction medium. Reaction medium blanks (no mitochondria) were used to determine the radioactivity retained by the filter, which was measured by scintillation counting (1) . Radioactive sulfate was purchased from New England Nuclear, n-BM from Aldrich, mersalyl from SerVa, and other reagents from Sigma.
Percentage transmission (swelling) at 520 nm was measured as previously reported (1), with full scale transmittance set from 20 to 40%o. Protein was determined by the Biuret method (7) ; BSA (fraction V) was used as a standard.
RESULTS
Energy-linked Sulfate Uptake. Table I shows the dependency of [35S]S042-uptake upon respiratory energy (NADH was used to avoid dicarboxylate uptake and exchange), and the promotion of uptake produced by Mg2+. Mg has been observed to promote phosphate uptake (1) , and since the stimulation of NADH oxidation by Mg2+ is quite small ( 12) and effect appears to be exerted on transport. The inhibitory effect of the KCl medium may be related to the ready permeability of corn mitochondria to high concentrations of salts (5, 17) . It (Fig. 2A) . Increasing phosphate to 5 mm produces rapid and pronounced swelling, but the response appears to be additive with sulfate (Fig. 2, B-D) . Phosphate uptake is more rapid and efficient than sulfate uptake, meeting less resistance (10) , and when both anions are present the combined rate is like that of phosphate (Fig. 2D ). After preloading with phosphate, the initial rate of sulfate swelling is more rapid (Fig. 2C) . Thus (11, 18) , effectively inhibit sulfate transport in the absence of phosphate (Fig. 3) . Since NEM is known to be ineffective with the dicarboxylate carrier (9), a fact used to establish that phosphate-sulfate exchange is by this carrier (3, 6) , the inhibition of sulfate uptake by NEM (Figs. 3 and 5 ) is indicated to be on the phosphate transporter. The inhibitor of the dicarboxylate carrier, n-BM (16), inhibits malate and succinate transport in corn mitochondria with some indication that it interferes partially with phosphate transport (4) . Figures 3 and 4 show that the weak inhibition of phosphate transport by n-BM in the absence of dicarboxylates is shared by sulfate uptake. (3, 6) . They are 
